glass distilled water to remove chloride. The method follows: 10 ml 1% nitroso-R-salt or anitroso-,3-naphthol was added to the two separate parts of the media contained in Erlenmeyer flasks. These were put on a reciprocator in a water-bath at 400, and after 30 min 0.2 gram Darco G 60 carbon was added and the solutions agitated again for 5 min. The solutions were then filtered separately through Whatman no. 42 filter papers in Buchner funnels or through fine pore glass sinter funnels into clean Erlenmeyer flasks. The two solutions were then autoclaved separately and mixed aseptically when cold. Cobalt58 was used to check the effectiveness of the purification procedures; the carbon method reduced residual cobalt to 1 ,pg/liter (1 part per trillion), whereas the values for the chloroform extraction method were between 10 and 20 /Ag/liter.
Cobalt was removed from FeCi3 dissolved in 6 N HCl (constant boiling mixture) by extracting it with redistilled diethyl ether saturated with 6 N HCl. The ether and excess HCl were removed by evaporating on an electric hot-plate. The purified FeCl3 was dispensed in 100 ml glassdistilled water containing 1 ml 6 N HCl. The other trace metals (cp grade) were used without purification, since they were spectrographically free from cobalt. All glassware was rigorously cleaned with a chromic-sulfuric acid mixture, rinsed several times with deionized water and finally with glass-distilled water. The same flasks or tubes were used repeatedly for the same cobalt level so as to ensure good replication. Suitable inocula of the various microorganisms were prepared by passing the cells through 6 to 10 cultures of cobaltdeficient medium to deplete them of the micronutrient. About 2% inoculum of the cobalt-depleted cells was used for the cultures. Growth experiments were made in 10 ml tubes containing 5 ml culture medium but for enzyme experiments large amounts were grown in 1 liter Erlenmeyer flasks. The cultures were put in reciprocators (350 rpm), at 300 for varying times up to a maximum of 24 hr. Growth was determined at intervals by turbidity measurements in a Klett colorimeter and by a total N method using a micro-Kjeldahl procedure.
Cells washed inMg-cacodylate buffer (0.001 M MgSO4 and 0.03 M Na-cacodylate pH 7.4) were suspended in the same buffer (1 part cells: 3 parts buffer) and disrupted by means of the Mullard ultrasonic probe (20 kc/sec) for 15 min at 40 in a doubled glass vessel through which cold ethylene glycol was circulated. 10 The following osmotic shock treatment was also used to extract cell constituents:" a well packed pellet of washed cells was mixed with an equal volume of 3 M glycerol; after 5 min, the mixture was ejected slowly from a syringe into 10 volumes of Mgcacodylate buffer stirred in a vortex mechanical shaker at 4°. This buffer stabilizes ribosomal particles. 12 About 0.2 gg deoxyribonuclease/ml was added to the preparation, which was incubated at 300 for 20 min. The extracts were centrifuged in a Servall at 11,000 X g for 20 min to remove cell debris.
The particles prepared by the ultrasonic procedure contained more protein and less total enzyme units than those made by osmotic shock, presumably because they contain appreciable amounts of membrane materials. The specific activities of nitrate reductase are higher in particles and supernatant fractions prepared by osmotic treatment. The enzyme was more active when assayed in Mg-cacodylate buffer than in 0.1 M phosphate both at pH 7.4.
Nitrate reductase was assayed in Thunberg tubes as described by Nicholas et al.,8 using methyl viologen reduced with platinized asbestos and hydrogen, as the electron donor. The reaction mixture (1 ml) contained 1.5 Mmoles Mg-Na-cacodylate buffer (pH 7.4), 1.5 IAmoles methyl viologen, 3 mg platinized asbestos in the sidearm, and 10 /Amoles KNO3, 30 /moles Mg-Na-cacodylate buffer (pH 7.4), and 0.2 ml enzyme in the tube. Air was rigorously removed from the Thunberg tubes and pure hydrogen gas was introduced. The process was repeated several times until all the methyl viologen was reduced. The tube was evacuated again, and the reduced methyl viologen was drained into the reaction mixture; the pellet of asbestos was retained in the sidearm The Thunberg tubes were incubated for 20 min at 30°in a water bath. After pretreatment with zinc acetate and alcohol, nitrite was determined in the reaction mixture by the sulfanilamide method, as described elsewhere.8
Protein was determined by the Folin method's and RNA by the orcinol procedure.'4 Hydroxocobalamin labeled with cobalt58 was determined in a well-type scintillation counter.
Results-Cobalt and vitamin B12 requirements: The data in Table 1 show that cobalt is essential for a range of microorganisms grown with nitrate as the sole ni- Nitrate reductase: The distribution of the enzyme in fractions of azotobacter 3 and 6 hr after adding 0.1 ,ugCo/liter in vivo to growing cells deficient in cobalt (Table 3) indicates that the bulk of the enzyme is in the supernatant liquid at the two sampling times. The particles also contained substantially less of added Co58-labeled hydroxocobalamin than did the supernatant fluid.
The formation of the enzyme was followed at intervals after adding 0.2 jig Co/ liter in vivo to cells grown for 12 hr without the micronutrient (Table 4) . After 15 min, the enzyme in the supernatant fluid is only twice that in the particles, but Figure 1 ; 65 per cent of the hydroxocobalamin was taken up by the bacteria within 2 min of adding it to cobalt-deficient cultures and after 20 min it increased to 85 per cent. Little enzyme was formed, however, during this period, but after 30 min the enzyme was detected and differences between deficient cells and those given cobalt were more pronounced after this time. The addition of 20 mg chloramphenicol with 0.1 ,ug Co/liter depressed enzyme formation completely. There was no difference in enzyme action between 0.1 and 0.2 ,ug Co. Vitamin B12 was more effective than cobalt even at lower concentrations, e.g., 0.05 ,g.
The Co58-labeled ribosomes were resolved on a 15-G0 per cent sucrose density gradient column by centrifuging at 50,000 X g for 2.5 hr (Fig. 2) . The bulk of the protein was in the top half of the gradient, whereas the enzyme was associated with two main peaks in the lower half. These were analyzed further and identified as 60 and 70 S particles which contain appreciable amounts of the tracer. Heavy labeling was observed also in a fraction at the top of the gradient although the enzyme activity here is low. This effect may be the result of a contamination from the supernatant fluid which contains appreciable amounts of the tracer. Rigorous washing of the particles with Mg-cacodylate buffer to remove the last traces of the supernatant fluid is not feasible since the enzyme is readily removed from the ribosomes.
The vitamin B12 in the particles was identified by ionophoretic and enzymatic analysis as 5,6-dimethylbenzimidazolylcobamide coenzyme. Kliewer 
